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UHVLVWDQFHLVEHFDXVHRIWKHSHUPHDWLRQRIDFWLYHFDUERQDWRPVDQGWKHLUJUDGLHQWV'XULQJD/7&&SURFHVVLWLVYHU\
GLIILFXOW WR PRQLWRU DQG LQYHVWLJDWH WKH G\QDPLF UHVSRQGLQJ SURFHVV LQ WKH WDUJHW E\ PHDQV RI H[SHULPHQWDO
DSSURDFKHV',&75$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2.1. Material 
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2.2. Geometric model 
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VWDLQOHVVVWHHOLVIDFHFHQWHUFXELF)&&DQGDOOFDUELGHVSKDVHVDUHUHMHFWHG

6X UIDFH
)&&
ȝP
)&&
& DUEX UL]HG OD\HU
$ XVWHQ LWLF V WD LQ OHVV
V WHH O

)LJ*HRPHWULFPRGHOXVHGLQWKH',&75$VLPXODWLRQIRU/7&&
2.3. Governing equation 
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3.1. Validation of model 

)LJ20PLFURJUDSKRIWKHORZWHPSHUDWXUHFDUEXUL]HG/VWDLQOHVVVWHHO
7RYDOLGDWHWKH',&75$PRGHOD/7&&WHVWZDVSHUIRUPHGDWćIRUKLQWKH&2+1
JDVPL[WXUH7KHPDWHULDOZDVFXWLQWRPPhPPhPPEXONVDQGWKHQZHWJURXQGZLWK6L&JULQGLQJSDSHU
IURPJULWWRVWHSE\VWHSDQGVXEVHTXHQWO\FOHDQHGE\XOWUDVRXQGLQDPL[WXUHRIDOFRKRODQGDFHWRQH
IRUPLQXWHV7KHPLFURVWUXFWXUHSKDVHFRQVWLWXWLRQDQGFDUERQFRQFHQWUDWLRQGLVWULEXWLRQRIFDUEXUL]HGOD\HUZHUH
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;5' DQG HOHFWURQ SUREH PLFURDQDO\VLV (30$
UHVSHFWLYHO\

     
/7&&
,Q
WH
QV
LW\
'LIIUDFWLRQDQJOH
/

)LJ;5'VSHFWUXPRIRULJLQDODQGFDUEXUL]HG/VWDLQOHVVVWHHOVXUIDFH
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PD[LPXPFDUERQ FRQFHQWUDWLRQRI DERXW ZW DQG WKH FDUERQ FRQFHQWUDWLRQ LQ WKH OD\HU JUDGXDOO\ GHFUHDVHV
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ZKLFKSURYHVWKDWWKHWKHUPRG\QDPLFPRGHOFDQEHXVHGWRSUHGLFWFDUERQGLVWULEXWLRQRIDXVWHQLWLFVWDLQOHVVVWHHO
WUHDWHGE\/7&&
3.2. Effect of carburizing temperature 
7KHFDUEXUL]LQJWHPSHUDWXUHLVWKHPRVWLPSRUWDQWIDFWRURIWKH/7&&:LWKWKHLQFUHDVHRIWHPSHUDWXUH'ȕDQG
VROXELOLW\RI FDUERQ LQ DXVWHQLWH LQFUHDVH VLJQLILFDQWO\)RXU FDUEXUL]LQJ WHPSHUDWXUHć ć ć DQG
ćDUHDSSOLHGWRLQYHVWLJDWHWKHLQIOXHQFHXQGHUWKHVDPHFDUERQDFWLYLW\DQGKFDUEXUL]LQJWLPH)LJ
VKRZVWKDWWKHFDUERQGLVWULEXWLRQVRI/DXVWHQLWLFVWDLQOHVVVWHHOIRUGLIIHUHQWFDUEXUL]LQJWHPSHUDWXUH,WFDQ
EHVHHQ WKDW WKH VXUIDFHFDUERQFRQFHQWUDWLRQ LQFUHDVHV WRDERYHZWDIWHU/7&& IDUH[FHHGV WKHHTXLOLEULXP
VROXELOLW\ RI DXVWHQLWLF VWDLQOHVV VWHHO DW WKH FDUEXUL]LQJ WHPSHUDWXUH ,W LV DOVR IRXQG WKDW ZKHQ WKH FDUEXUL]LQJ
WHPSHUDWXUHFKDQJHVIURPćWRćWKHVXUIDFHFDUERQFRQFHQWUDWLRQLQFUHDVHVE\IURPZW
WRZWDQGWKHWKLFNQHVVRIFDUEXUL]HGOD\HULQFUHDVHVIURPȝPWRȝP,WDOVRFDQEHIRXQGWKDWWKH
JUDGLHQWRIFDUERQFRQFHQWUDWLRQGHFUHDVHJUDGXDOO\ZKLFKSURYLGHVDEHQHILWLQWKHLPSURYHPHQWRIZHDUUHVLVWDQFH
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3.3. Effect of carburizing time 
6L[ FDUEXUL]LQJ WLPHV IURP  K WR  K DUH XVHG IRU FRPSDULVRQ LQZKLFK SDUDPHWHUV RI ćFDUEXUL]LQJ
WHPSHUDWXUHDQGFDUERQDFWLYLW\RIDWPRVSKHUH7KH LQIOXHQFHRIFDUEXUL]LQJ WLPHRQFDUERQGLVWULEXWLRQRI
/VWDLQOHVVVWHHOLVVKRZQLQ)LJ,WLVVKRZQWKDWWKHVXUIDFHFDUERQFRQFHQWUDWLRQLVZWDIWHU/7&&IRU
K:KHQWKHFDUEXUL]LQJWLPHLQFUHDVHVWRKWKHVXUIDFHFDUERQFRQFHQWUDWLRQUDSLGO\LQFUHDVHVWRZW
EXWLQFUHDVHVOLJKWO\GXULQJIXUWKHUFDUEXUL]LQJWLPH
7KHFDUERQDFWLYLW\RIVWDLQOHVVVWHHOVXUIDFHZLWKWLPHLVVKRZQLQ)LJ,WFDQEHIRXQGWKDWLQWKHLQLWLDOKRI
/7&&GXHWRWKHELJGLIIHUHQFHRIFDUERQDFWLYLW\EHWZHHQFDUEXUL]LQJJDVDQGDXVWHQLWLFVWDLQOHVVVWHHOVXUIDFHWKH
GULYLQJ IRUFH RI FDUERQ WUDQVIHU LV ODUJH:LWK WKH FDUEXUL]LQJ WLPH LQFUHDVHV WKH VXUIDFH FDUERQ FRQFHQWUDWLRQ
LQFUHDVHV UDSLGO\2QFH WKHFDUEXUL]LQJ WLPHH[FHHGVK WKHFDUERQDFWLYLW\RI DXVWHQLWLF VWDLQOHVV VWHHO LV DOPRVW
HTXDOZLWKFDUEXUL]LQJJDVUHVXOWLQWKHPDVVIOX[RIFDUERQDWVXUIDFHGHFUHDVLQJWRQHDU]HURDFFRUGLQJWR(T
WKH VXUIDFH FDUERQ FRQFHQWUDWLRQ DQG WKH GHSWK RI FDUEXUL]HG OD\HU UHPDLQV QHDUO\ FRQVWDQW EXW WKH JUDGLHQW RI
FDUERQFRQFHQWUDWLRQGHFUHDVH
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3.4. 3.4. Effect of activity of carburizing gas 
7KH FDUERQ DFWLYLW\ RI FDUEXUL]LQJ JDV GHWHUPLQHV WKH VXUIDFH FDUERQ FRQFHQWUDWLRQ RI FDUEXUL]HG OD\HU 7KH
FDUERQGLVWULEXWLRQRI/VWDLQOHVVVWHHOIRUGLIIHUHQWFDUERQDFWLYLW\RIFDUEXUL]LQJJDVDIWHU/7&&DWćIRU
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KLVVKRZQLQ)LJ,WLVVKRZQWKDWWKHVXUIDFHFDUERQFRQFHQWUDWLRQLQFUHDVHIURPZWWRZWZLWK
WKHFDUERQDFWLYLW\RIFDUEXUL]LQJJDVLQFUHDVHIURPWREXWWKHWKLFNQHVVLVWKHVDPH
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&RQFOXVLRQV
,QWKHSUHVHQWZRUNDRQHGLPHQVLRQDOPRGHOLVGHYHORSHGWRVLPXODWHWKHFDUERQGLVWULEXWLRQRIORZWHPSHUDWXUH
FDUEXUL]HG DXVWHQLWLF VWDLQOHVV VWHHO E\ ',&75$ :LWK WKH DLG RI WKH PRGHO WKH LQIOXHQFHV RI FDUEXUL]LQJ
WHPSHUDWXUH DQG WLPH FDUERQ DFWLYLW\ RI FDUEXUL]LQJ JDV DQG DOOR\ HOHPHQWV EHHQ DQDO\]HG 7KH IROORZLQJ
FRQFOXVLRQVFDQEHGUDZQ
7KHVLPXODWHGFDUERQFRQFHQWUDWLRQLVLQJRRGDJUHHPHQWZLWKH[SHULPHQWDOUHVXOW
:LWKWKHLQFUHDVHRIFDUEXUL]LQJWHPSHUDWXUHWKHVXUIDFHFDUERQFRQFHQWUDWLRQVLJQLILFDQWO\LQFUHDVHVDQGWKH
JUDGLHQWRIFDUERQFRQFHQWUDWLRQGHFUHDVHVJUDGXDOO\
,QWKHLQLWLDOKRI/7&&WKHFDUERQFRQFHQWUDWLRQDQGWKHWKLFNQHVVRIFDUEXUL]HGOD\HULQFUHDVHUDSLGO\GXH
WRWKHELJGLIIHUHQFHRIFDUERQDFWLYLW\EHWZHHQFDUEXUL]LQJJDVDQGDXVWHQLWLFVWDLQOHVVVWHHOVXUIDFHKRZHYHUWKH
VXUIDFHFDUERQFRQFHQWUDWLRQNHHSVQHDUO\FRQVWDQWGXULQJIXUWKHUFDUEXUL]LQJWLPH
 7KH VXUIDFH FDUERQ FRQFHQWUDWLRQ LQFUHDVH ZLWK WKH FDUERQ DFWLYLW\ RI FDUEXUL]LQJ JDV LQFUHDVH EXW WKH
WKLFNQHVVRIWKHFDUEXUL]HGOD\HULVXQFKDQJHG
6RPH RSWLPL]HG SDUDPHWHUV RI /7&& FDQ EH PDGH E\ HPSOR\LQJ WKH SUHVHQWHG PRGHOV DQG UHVXOWV RI WKH
SDUDPHWULFLQYHVWLJDWLRQV
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